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(57)Abstract: 

PURPOSE: To provide the subject production method intended to 
suppress developing crystal defects, so designed that, for the side faces 
in contact with the main growth surface of a seed crystal, such seed 
crystal is provided so as to be slant from either plane, (0001)-plane or 
(1-100)-plane. 

CONSTITUTION: Inside a crucible 13 set up in a single crystal 
production unit by sublimation method, shelves 12 made of porous 
graphite carbon are arranged, material powder 15 such as of SiC is put 
thereon, a seed crystal is placed, and the whole system is sealed by a 
crucible cover 14. For the seed crystal 11, (OOODplane is set as the 
main growth surface, the seed crystal is finished in a conical form with 
the side face, (1-100)-plane, slant by at least 3° from 90° such as 
45° or 60° with the main growth surface, and placed at a specified 
location. Then, the material powder 1 5 is heated to about 2500° C, the 
seed crystal 1 1 to about 2300° C, to sublimate the material and grow 
the seed crystal 11, thus affording the aimed SiC single crystal with few 
crystal defects and the main growth surface retained flat 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the side face which touches with a bulk grown method at the growth principal plane of said seed 
crystal in the manufacture approach of a semi-conductor single crystal of growing up a hexa GONARU mold 
single crystal, on the seed crystal which consists of a hexa GONARU mold single crystal — a field (0001) — and 
(1-100) The manufacture approach of the semi-conductor single crystal characterized by using the seed crystal 
which has only the field to which it inclined from any field of a field. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the hexa GONARU mold semi- 
conductor single crystal manufactured by the sublimating method or the solution method. 
[0002] 

[Description of the Prior Art] Research is done as an environmental-proof component ingredient which can bear 
SiC also under elevated-temperature high pressure also thermally since it is chemical very stable. Moreover, on 
the other hand, as for SiC, for a certain reason, the energy gap attracts 2.3eV or more of attentions as a short 
wavelength light emitting device ingredient. Some crystal structures, such as a hexa GONARU mold (six law 
crystal system), and a cubic mold (cubic system), a ROMBOHEDORARU mold (trigonal system), exist in SiC. 
Since the energy gap of especially the single crystal of 6H mold (hexa GONARU mold which makes six molecules 
one period), or 4H mold (hexa GONARU mold which makes four molecules one period) is about 3eV in it, it is 
expected as an ingredient of blue LED. 

[0003] and manufacture of blue LED — journal OBU Applied ones FIJIKUSU it is reported to 50(1979) pp 8215- 
8225 [Journal of Applied Physics 50(1979) pp 821 5< 8225] — as — a liquid-phase-epitaxial method (LPE law) or 
Japanese journal OBU Applied one FIJIKUSU It is carried out by the chemical reaction depositing method (CVD 
method) as reported to 19(1980) ppL353 - L856[Japanese Journal of Applied Physics 19(1980) L353<L856]. In 
any case, LED is manufactured on the SiC single crystal substrate (0001) side of 6H mold. 
[0004] Thus, the hexa GONARU mold SiC single crystal substrate has played the role important as a growth 
substrate of blue LED. The sublimating method which is made to sublimate SiC raw material powder as the 
growth approach of a hexa GONARU mold SiC single crystal substrate conventionally, and is deposited in a low 
temperature side is used. For example, it is stated to applied FIJIKUSU letter 58(1991) pp 56-58 [AppliedPhysics 
Letter 58(1991) pp 56< 58]. Invention-in-this-application persons created the large crystal of aperture with 
crystal growth die length using the diameter of a crystal becoming large, in order to enlarge the diameter of a 
crystal by the sublimating method. However, it is difficult for the breadth of a path to become small and to obtain 
the substrate of the diameter of macrostomia as crystal length becomes long by this approach. Moreover, the 
growth side became a concave and the trouble that the substrate of high quality could not be obtained was 
found out as crystal length became long. 
[0005] 

[Problem(s) to be Solved by the Invention] As mentioned above, when growing up the SiC single crystal of a 
hexa GONARU mold single crystal by the sublimating method, in order to obtain the substrate of the diameter of 
macrostomia, growth had to be lengthened enough. However, when growth die length was lengthened in this 
case, the crystal growth side turned into a concave surface, and had the problem that increase of the path of 
****** stopped soon. Moreover, the crystal obtained had the problem that many crystal defects could not trust 
it in respect of quality. Moreover, the above-mentioned technical problem exists in various hexa GONARU mold 
semi-conductor single crystals other than SiC. 

[0006] It was made in view of the above-mentioned trouble, the growth side of the crystal face prevents 
becoming a concave surface, and, as for this invention, a crystal defect aims the manufacture approach of the 
hexa GONARU mold semi-conductor single crystal of few diameters of macrostomia at offer. 
[0007] 

[Means for Solving the Problem] the side face in_which the manufacture approach of the semi-conductor single 
crystal of this invention touches with a bulk grown method at the growth principal plane of said seed crystal in 
the manufacture approach of a semi-conductor single crystal of growing up a hexa GONARU mold single crystal, 
on the seed crystal which consists of a hexa GONARU mold single crystal in order to solve the above- 
mentioned trouble — a field (0001) — and (1-100) It is characterized by to use the seed crystal which has only 
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the field to which it inclined from any field of a field. 
[0008] 

[Function] As a result of research of this invention persons, compared with the crystal of the others in alpha- 
SiC for example, which is a hexa GONARU mold crystal, the most important point as a cause of concave- 
surface-izing of a growth side had the strong field bearing dependency of the rate of crystal growth, and found 
out that the flat surface called a facet appeared. It is a growth principal plane (1-100) about a field (0001) to 
drawing 1 1 . The facet 1 1 1 at the time of making a field into the side face is shown, this invention persons — 
this phenomenon — <0001> or <1-100> since the growth rate of bearing is very slow — the field (0001) of the 
side face of a growth principal plane — or (1-100) I was going to extend in parallel with a field and thought that a 
facet appeared as a result. As for the single crystal with which, as for the part into which this facet 1 1 1 appears, 
a growth rate grows early rather than a growth principal plane, that periphery rises rather than a center section 
(112 is climax of a periphery). The growth principal plane of the single crystal obtained as a result found out 
becoming the concave in which the center section became depressed. 

[0009] the side face in which artificers touch the growth principal plane of seed crystal in order to prevent the 
appearance of the above-mentioned facet — a field (0001) — and (1-100) It found out that it could attain by 
leaning from any field of a field. 
[0010] 

[Example] The example of this invention is explained below at a detail. 

[0011] The 1st example of this invention is explained. Drawing 1 is the schematic diagram of the sublimating 
method single crystal manufacturing installation which is one of the bulk grown methods. For seed crystal and 
12, as for crucible and 14, porous graphite and 13 are [ 11 / a crucible lid and 15 ] raw material powder. In this 
example, the hexa GONARU mold SiC single crystal was grown up. 

[0012] The crystal mold of the hexa GONARU mold SiC seed crystal 11 and the relation of a growth principal 
plane are shown in drawing 2 . Moreover, drawing which expresses the configuration of the SiC seed crystal 1 1 
to drawing 3 is shown. The growth principal plane of seed crystal 1 1 is {000-1}. It considered as the field (0001) 
(carbon side), and operated orthopedically in a circle with a diameter of 10mm. Moreover, all side faces are {000- 
1}. It was processed to the field the appearance which becomes 45 degrees, and in the shape of [ by which the 
head was crushed ] a cone. The raw material was made to sublimate on seed crystal 1 1 using the equipment of 
drawing 1 by having made the large field of this seed crystal 1 1 into the growth side, and the SiC single crystal 
was grown up. It was referred to as the temperature of 2300 degrees C of seed crystal, the raw material 
temperature of 2500 degrees C, and growth pressure 50torr as growth conditions. The SiC single crystal with a 
die length of about 20mm was grown up in growth time amount 20 hours. 

[0013] It is a growth principal plane as the SiC single crystal 41 grown up into drawing 4 by this invention, and an 
example of a comparison {000-1} It considers as a field (0001) (carbon side), and is a part of side face (1-100). 
The sectional view of the SiC single crystal 43 grown up on the same conditions as the 1st example using the 
seed crystal 42 of the shape of a cylinder out of which the field has come is shown. 

[0014] The SiC single crystal 43 which was grown up in the case of the example of a comparison ( drawing 4 (b)) 
became a slack type, and that a path spreads soon has stopped. Moreover, the growth side became the concave 
which became depressed about 3mm in the center section, and abnormalities in a crystal, such as transition and 
twin crystal, have arisen with the stress by abnormality growth of the periphery section. On the other hand, in 
this invention ( drawing 4 (a)), the SiC single crystal 41 grows in the shape of a cone. For this reason, the 
direction of this invention becomes large and the diameter of a crystal can enable manufacture of the diameter 
substrate of macrostomia. Moreover, it came out for concave surface-ization of a growth principal plane to be 
lost mostly, to become possible to suppress the increment in the defect by abnormality growth of the periphery 
section, and to improve the quality of a crystal. 

[0015] The include angle of the side face at the time of making a growth principal plane into a field (0001) as 
seed crystal of this invention at drawing 5 is shown. Side face (1-100) It is desirable to lean at least 3 degrees 
or more to a field (0001) (for it to be 90 degrees to a field) (field in [ A ] drawing). It becomes possible by using 
such seed crystal to be able to suppress generating of a facet and to prevent concave surface-ization of a 
growth principal plane. Therefore, a hexa GONARU mold single crystal with few crystal defects can be grown up 
with the diameter of macrostomia. Next, the 2nd example of this invention is shown. At this example, it is a 
growth principal plane (11-20). The SiC single crystal was grown up using the SiC seed crystal made into the 
field. The equipment to be used performed growth conditions like the 1st example using what is shown in drawing 
1. 

[0016] It is the alpha-6HSiC crystal mold and growth principal plane of seed crystal of this example at drawing 6 
(1 1-20). Drawing of the relation of a field is shown and it is a growth principal plane (1 1-20) to drawing 7 . The 
include angle of the side face at the time of considering as a field is shown. Growth principal plane (11-20) When 



http://www4.ipdl. ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2005/12/19 



JP,06-227886,A [DETAILED DESCRIPTION] 3/4 ^— v 

it considers as a field, it is on a side face (1-100). It is 30 degrees, 90 degrees, and 150 degrees from a principal 
plane that a field and (0001) a field appear, and it should just lean 3 degrees or more from these fields, 
respectively (field in [ A ] drawing). 

[0017] In this example, the growth principal plane was formed with a diameter of 10mm in the shape of a circle, 
and the SiC single crystal with a growth die length of 20mm was grown up by making the larger one of a field into 
a growth principal plane using the conic seed crystal with which the head which leaned 60 degrees of side faces 
from the growth principal plane was crushed. Also in this example, the SiC single crystal was able to be grown up 
in the shape of a cone as well as the 1st example. Moreover, the facet of the periphery section did not appear 
and concave surface-ization of a growth side did not take place. Next, the 3rd example of this invention is 
shown. At this example, it is a growth principal plane (1-100). The SiC single crystal was grown up using the SiC 
seed crystal made into the field. The equipment to be used performed growth conditions like the 1st example 
using what is shown in drawing 1 . 

[0018] It is the alpha-6HSiC crystal mold and growth principal plane of seed crystal of this example at drawing 8 
(1-100). Drawing of the relation of a field is shown and it is a growth principal plane (1-100) to drawing 9 . The 
include angle of the side face at the time of considering as a field is shown. Growth principal plane (1-100) When 
it considers as a field, it is on a side face (1-100). It is 60 degrees, 90 degrees, and 120 degrees from a principal 
plane that a field and (0001) a field appear, and it should just lean 3 degrees or more from these fields, 
respectively (field in [ A ] drawing). 

[0019] In this example, the growth principal plane was formed with a diameter of 10mm in the shape of a circle, 
and the SiC single crystal with a growth die length of 20mm was grown up by making the larger one of a field into 
a growth principal plane using the conic seed crystal with which the head which leaned 45 degrees of side faces 
from the growth principal plane was crushed. Also in this example, the SiC single crystal was able to be grown up 
in the shape of a cone as well as the 1st example. Moreover, the facet of the periphery section did not appear 
and concave surface-ization of a growth side did not take place. 

[0020] Next, the 4th example of this invention is shown. In this example, the principal plane of the SiC seed 
crystal used in the 1st, 2, and 3 above-mentioned example was ground further, and the SiC single crystal was 
grown up using the seed crystal which makes the field shifted 5 degrees from each principal plane a growth 
principal plane. Growth equipment used the thing of drawing 1 and made growth conditions the same thing as the 
1st example. In this example, since the growth rate of a growth principal plane and a side face hardly changes, 
the form of a crystal can obtain breadth and a good single crystal from seed crystal in a natural cone form. 
[0021] Next, the 5th example of this invention is shown. In this example, the SiC single crystal was deposited 
and grown up on SiC seed crystal from the solution of Si using the solution method which is one of the bulk 
grown methods. Drawing 10 is growth equipment used by this example. 100H growth is performed collecting the 
Si solvents 102 into the crucible 101 which consists of C or SiC, and using temperature of 1800 degrees C and 
seed crystal 103 as 1700 degrees C for the maximum elevated-temperature section in a solvent C of a crucible 
and Si of a solvent deposit on the SiC seed crystal 103, and a single crystal grows. In this case, seed crystal 
processed the growth principal plane like the 1st example in the shape of [ by which a field (0001) and 45 
degrees of side faces were leaned from the growth principal plane, and the head was crushed in them ] a cone. 
The larger one of the field of this seed crystal was made into the growth principal plane, and the SiC single 
crystal around 10mm was grown up on the SiC seed crystal 103 on the above-mentioned growth conditions. It 
also sets to this example and is on a side face (1-100). Compared with the thing using the seed crystal out of 
which the field has come, expansion of the path of a crystal could be aimed at sharply, and concave surface- 
ization of a growth side was not seen. 

[0022] Next, the 6th example of this invention is shown. In this example, the single crystal of hexa GONARU 
mold gallium nitride was grown up using the sublimating method. Since the not much big crystal as seed crystal 
is not obtained, current gallium nitride needs to use a minute crystal as a seed. In this example, the growth 
principal plane was made into the field (0001), and the seed crystal into which the side face was processed in 
the shape of [ by which the head which inclined 45 degrees from the growth principal plane was crushed ] a cone 
was used. This side face is all (1-100). It is the leaning field from the field. Growth equipment is almost the same 
as what was used in the example 1, and, for growth temperature, a raw material is N2 in 1300 degrees C and 
1 200 degrees C of seed crystal. It carried out on condition that the number Torr of pressures of an ambient 
atmosphere. Also in this example, increase of the path of a growth single crystal was achieved sharply, concave 
surface-ization of a growth side was not seen but improvement in quality was achieved. 

[0023] In addition, although the growth principal plane used circular seed crystal in each example mentioned 
above, a trigonum, a rectangular head, a polygon, especially an ellipse form, etc. are not limited, the side face 
which in the case of a trigonum, a rectangular head, and a polygon touches a growth principal plane in seed 
crystal even if pillar-shaped — a field (0001) — and (1-100) It can be made only the field to which it inclined 
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from any field of a field. Moreover, the temperature of a crystal and a temperature gradient can be used in each 

above-mentioned example, changing them freely. 

[0024] 

[Effect of the Invention] By using this invention, as mentioned above, it comes out that prevent the growth side 
of the crystal face turning into a concave surface, and a crystal defect manufactures the hexa GONARU mold 
semi-conductor single crystal substrate of few diameters of macrostomia. Moreover, it comes out to be able to 
suppress the increment in the defect by the abnormality growth which a facet collides with, and to improve the 
quality of a crystal. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The schematic diagram of the sublimating method single crystal manufacturing installation used in 
the 1st, 2, 3, 4, and 6 example of this invention 

[Drawing 2] Drawing showing the field (0001) of a hexa GONARU mold crystal 

[Drawing 3] Drawing showing the configuration of the seed crystal used for the 1st example of this invention 
[Drawing 4] The comparison Fig. of the SiC single crystal and the conventional example which were grown up in 
the 1 st example of this invention 

[Drawing 5] Drawing showing the include angle of the side face of the seed crystal when making a growth 
principal plane into a field (0001) 

[Drawing 6] Hexa GONARU mold crystal (11-20) Drawing showing a field 

[Drawing 7] Growth principal plane (11-20) Drawing showing the include angle of the side face of the seed 
crystal when considering as a field 

[Drawing 8] Hexa GONARU mold crystal (1-100) Drawing showing a field 

[Drawing 9] Growth principal plane (1-100) Drawing showing the include angle of the side face of the seed 
crystal when considering as a field 

[Drawing 10] The schematic diagram of a solution method single crystal manufacturing installation used in the 
5th example of this invention 

[Drawing 1 1] a growth principal plane — ** (0001) — the side face (1-100) Drawing showing the facet which 
appears in the periphery section when considering as a field 
[Description of Notations] 

11. Seed Crystal 

12. Porous Graphite 

13. Crucible 

14. Crucible Lid 

1 5. Raw Material Powder 

101. Graphite Crucible 

102. Si Solvent 

1 03. Seed Crystal 
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